BALB/cJ and C57BL/10J mice were reared by foster parents of the same 2 strains in the 4 possible combinations or were unfostered. Operant behavior of offspring subsequently produced by these mice was significantly influenced by within-strain fostering and by strain of foster grandparents. Within-strain fostering raised the response rates of BALE Ss while lowering that of C57BL Ss. Both strains responded more if their parents had been reared by BALE rather than by C57BL foster grandparents. Additional effects of grandparental environment on fertility of parents and neonatal mortality of young suggest that transmitted parental influences may contribute to the evolution of behavior in nonprimates.
Environmental determinants of behavior in adult mammals have been sought and found in their immediate past history, in their relatively remote past, and even in the period between conception and birth. Recent data (Denenberg & Whimbey, 1963; Seay, Alexander, & Harlow, 1964; Thompson, Watson, & Charlesworth, 1962) have shown as well that environmental conditions existing prior to an animal's conception can influence its behavior.
This study is concerned with adult behavior of mice in relation to variation in the postnatal parental environment to which their parents had been exposed.
METHOD

Subjects
The Ss were 150 male and 150 female mice from each of strains C57BL/10J and BALB/cJ (N = 600). They were 65-70 days old when tested. All were reared by their natural parents, but the parental environment to which their parents had been exposed was varied according to the experimental design.
Apparatus
Two identical testing units were used with equal frequency for all experimental groups. Each unit, enclosed within a dark, portable cooler shell, consisted of an aluminum compartment (6 X 2*4 1 Supported by Grants MH 07721-01 and MH 10806-01 from the National Institute of Mental Health and by funds received from the Graduate School of the University of Wisconsin. The author gratefully acknowledges the assistance of Alex Walkowiak, Mary Haislmaier, William Haasch, and Edward Evenson. X 2 in.) with one transparent Plexiglas end wall through which a U-shaped metal bar protruded. On the inner wall of the cooler, opposite the transparent end wall, was mounted a black and white square bull's-eye to serve as a visual incentive. A 7-w. bulb wired in series with a 1.36 K resistor provided dim illumination of S's surroundings when activated.
Procedure
C57BL litters were raised either by their natural parents, by C57BL foster parents, or by BALE foster parents. BALE litters also were raised by their natural parents, by C57BL foster parents, or by BALE foster parents. Foster rearing was accomplished by transferring an entire litter, within 5 days of birth and usually on the day of birth, to foster parents which had produced a litter on the same day.
Beginning on the day after birth in the case of unfostered litters and on the day after transfer in the case of fostered litters, observations were made for 5 successive days of the amount of parental handling administered to offspring. The procedure for observing parental handling yielded a measure of the duration of handling received per pup and has been described previously (Ressler, 1962) .
Offspring were weaned at 21 days and paired with a littermate of the opposite sex. The six experimental groups of breeder pairs were allowed to bear and rear their own young until 50 male and 50 female Ss were obtained from each group. Some of the pairs failed to reproduce and others contributed more than one litter to a sample of &, but none of the six samples was derived from fewer than 10 or more than 14 different pairs.
The amount of parental handling received by Ss was observed in the same way as it had been for their parents. At 21 days /Ss were weaned and caged in groups of like-sexed littermates. Food and water were continuously available and a 24-hr, light-dark cycle was imposed throughout the experiment. 264 The Ss were tested at 65-70 days of age during the middle 8 hr. of the light phase of the cycle. The test session consisted of three consecutive 15-min. periods. During the first of these the number of bar presses was recorded automatically while the environment remained dark. During the second period each bar press produced 1 sec. of illumination of S's surroundings and was recorded on a second counter. The environment again remained dark during the third period and the number of bar presses was recorded on a third counter.
Four measures based upon performance in the test session were obtained for each S. Three of these represented the number of bar presses in each of the three 15-min. periods. The fourth, referred to here as the visual exploration score, represented the difference in number of responses between the first and second 15-min. periods. Each of the measures was subjected to two analyses of variance: one to determine the effect of withinstrain fostering, and the other to determine the effect of foster grandparent strain.
2 Parental handling scores were analyzed similarly.
RESULTS
Parental Handling
The mean parental handling scores for six randomly selected litters per group in the first generation and 10 randomly selected litters per group in the second generation are given in Table 1 . Within-strain fostering had no significant effect on parental handling scores, nor did it interact significantly with strain, in either generation. In the first generation BALE foster grandparents administered significantly more handling to parents of either strain than C57BL foster grandparents did (F = 13.36, df ~ 1/20, p < .005). In the second generation BALE parents also administered significantly more handling to their offspring than C57BL parents did (F = 65.92, df = 1/36, p < .001). Handling in the second generation, however, was not significantly influenced by the strain of foster grandparents with which the parents had been reared. Figure 1 shows the effect on bar pressing of within-strain fostering for the two 2 Two analyses of variance were performed on each measure because it is not possible in a single analysis for parent strain, foster grandparent strain, and within-strain fostering to be arranged as orthogonal variables. strains. Each curve represents the mean performance of 50 male and 50 female Ss. Response rates in the first period were not significantly affected by fostering in a prior generation. In both the second and third periods, however, fostering interacted with strain (F = 7.48, p < .01, and F = 13.81, p < .001, respectively; df = 1/392 for these and subsequent F ratios). Within-strain fostering increased response rates in a second generation of BALE mice, but decreased the rates in a second generation of C57BL mice. No main or interactive effect of within-strain fostering reached significance in the analysis of visual exploration scores. Figure 2 illustrates the effect of foster grandparent strain on response rates. Since strain of parents did not interact significantly with foster grandparent strain in determining response rate during any of the three test periods, each curve shows the overall effect for both strains combined and represents the mean performance of 100 male and 100 female Ss. Both strains of $s responded at a consistently higher rate if their parents had been raised by BALE rather than C57BL foster grandparents. The effect was significant at the .01 level in the first period (F = 6.84) and at the .001 level in the second and third periods (F = 13.59, F = 27.23, respectively). Analysis of visual exploration scores revealed that foster grandparent strain interacted significantly with parent strain (F -4.14, p < .05) and with sex (F = 5.71, p < .025). Offspring of C57BL parents obtained higher visual exploration scores if their parents had been raised by BALE rather than C57BL foster grandparents, while no significant effect of foster grandparent strain was found in the visual exploration scores of C57BL offspring. Females obtained higher visual exploration scores if their parents had been raised by BALE rather than C57BL foster grandparents, while no significant effect of foster grandparent strain was found in the visual exploration scores of males.
Operant Behavior
Fertility and Neonatal Mortality
Records were kept of the number of pups born to each pair of parents by the time they reached 140 days of age and of the number of these pups that survived until weaning at 21 days. The survival rate of pups born to all parents is given in Table 2 . A significantly higher probability of survival was found in offspring of both C57BL parents ( x 2 -10.74, df -1, p < .005) and BALE parents ( x 2 = 5.66, df = l,p < .02) if their parents had been raised by foster grandparents of their own strain rather than by natural grandparents. Strain of foster grandparents had no significant effect on the survival rate of either strain of offspring.
The number of pups produced by 15 randomly selected pairs of parents in each group is also given in Table 2 . Within-strain fostering had no significant effect on the fertility of parents. However, parents of both strains produced significantly more offspring by 140 days of age if they had been raised by BALE rather than C57BL foster grandparents. The effect was significant at the .02 level for C57BL parents ( x 2 = 5.80, df = 1) and at the .01 level for BALE parents ( x 2 = 9.60, df = 1). DISCUSSION With the exception of the visual exploration scores of males and BALE Ss, the scores on all four measures of operant performance in both strains and sexes were increased if Ss' parents had been reared by BALE rather than by C57BL foster grandparents. An earlier study (Ressler, 1963) showed that both strains responded more in a similar situation if reared by BALB rather that C57BL foster parents; thus, it appears that some difference in the environment provided by BALB and C57BL foster parents influences the operant performance of offspring they rear, and that this difference is at least partially replicated in the parental environment subsequently provided by these offspring and, in turn, affects the operant behavior of second generation young.
Some preliminary observations can be made regarding the possible mechanism underlying the present findings. Since the difference in parental handling administered by the two strains of grandparents was not replicated in the parental handling administered by the parents they reared, it cannot account for the effects of foster grandparent strain. While some transmitted strain difference in milk supply may account for the above effects, it cannot be the basis for the effects of within-strain fostering. An explanation based on natural selection is improbable because of the near absence of genetic variance in such highly inbred strains. Two possibilities remain unexplored. The extent to which postnatal parental influences were transmitted prenatally cannot be determined from the present results, because second generation Ss were all reared by natural parents. And, a difference in some feature of parental behavior not detected in the observations of handling could have been transmitted across generations.
It should be noted not only that environmental influences were transmitted across a generation, but also that Ss underwent differential selection on the basis of the early environment to which their parents had been exposed. The most basic ingredients of evolutionary change-variation, replication, and selection-therefore were present. A nongenetic system of inheritance based upon the transmission of parental influences is potentially available to all mammals and merits further experimental study.
